Analysing carbon Kuznets curves in a policy-oriented perspective
Indicators of decoupling, or delinking, that is improvements in environmental/resource indicators with respect to economic indicators, are increasingly being used to evaluate progress in the use of natural and environmental resources (OECD, 2002; EEA, 2003) . Stylised facts have been proposed on the relationship between pollution and economic growth, which became know as the Environmental Kuznets Curve (EKC) hypothesis, that has gained an increasing research attention over time since the pioneering works of Grossman and Krueger (1995) , Shafik (1994) and Holtz-Eakin and Selden (1992) .
In this paper, the focus is on CO 2 emissions (CKC, Carbon Kuznets curves) which have been recognised as a major source of environmental pollution (Schmalensee et al., 1998) , and offer the most robust data for applying advanced panel based econometric techniques aimed at assessing the nature of long run dynamics, analysing specifically the role of time related exogenous shocks of policy or other nature (energy markets).
The relevance of carbon is also depending on the fact that if on the one hand (absolute) decoupling -that is a negative elasticity in the relationship emissions-economic development -has been experienced and verified in the literature for local and regional air and water emissions, on the other hand, (absolute) decoupling between income growth and CO 2 emissions is not (yet) apparent for many important world economies, and where it is observed, it is relative: a positive but lower than unity emissions-economic development's elasticity.
It is worth noting that even absolute decoupling does not assure sustainability achievements, but only progress towards it, since sustainability depends on capital stock based considerations. However, decoupling assessment is a useful complementary tool for reasoning on sustainability and development (Neumayer, 2003) and may offer more room for policy based thinking.
The EKC literature has moved from basic conceptual intuitions and stylised/empirical facts, which traditionally fed EKC analysis, to the search for theoretical foundations. An extensive overview of the time related effects, that are aimed at shedding light on structural differences depending on how different (group) of countries have reacted to exogenous time related factors (policy, energy, technological shocks). The non separability of time and income effects is also tested.
Secondly, in order to investigate the role of potentially path breaking events included in the time related factor, we enrich the literature by testing the relevance of global environmental policy facts (the Rio convention and following Kyoto setting) and energy related events, which may have influenced, for some world areas more than others, the carbon-income relationship at some point in time ( as the oil shocks). This is food for though of general and contingent value, given the present recession shock, preceded and maybe followed by high oil prices and the increasing number of environmental policies or coordinated actions applied at regional and possibly world level after the 2009 Copenhagen meeting in December. A contribution we aim to provide is the evidence on the extent to which time -not income -related factors may have shaped EKC in the past: exogenous structural breaks, policy events.
As Vollebergh et al. (2009, pp.13-14) 
conclude: "to what extent more growth also involves fewer emissions crucially depends on emission specific, time related effects which are likely induced by regulatory interventions or other drivers of induced technological change, such as higher energy prices" […] "the different patterns of SO 2 and CO 2 emissions nicely reflect well documented differences in regulatory interventions and induced technological changes between the two policy
arenas. The fact that we find and inverted U pattern for SO 2 in relation with time and not income suggests the fallacy of the adage". Such evidence stimulates thoughts on the need of relying not just on endogenous income effects, following the business as usual (BAU) EKC, but reasoning on how breaking the BAU by policy, or responding and taking advantage of non policy shocks, such as energy crisis.
Finally, an originality of this paper is that it explicitly narrows down the focus to economic, institutional and policy sound country 'groups'/ regions of the world, instead than on OECD or other typically used data. We focus on advanced regions of the world (for now the 'Umbrella group' 4 , Northern and southern EU).
It is worth noting that Kuznets himself rejected the notion of uniform development patterns across time and national contexts. The scholars devoted to building quantitative measures of the economy also believed in the importance of historically-built technological, institutional conditions. Kuznets also advocated that we needed a clear perception of past trends and of conditions under which development occurred: different contexts create different dynamic patterns. Not all forms of economic and institutional progress produce the same level of externalities.
Though policy implications have been sometime linked to the analysis of EKC paths (Cole and Neumayer, 2005) , we believe that the literature has so far provided weak policy oriented evidence. Our policy oriented reasoning is then structured on (i) a comparative assessment of EKC shapes for three group of countries, instead of analysing larger samples as often it happens (mainly OECD or even world wide datasets), (ii) an analysis on how taking into account time related factors affects the CO 2 -income relation and iii) an in depth econometric investigation on the relevance of exogenous political events, such as the 1992 Convention on climate change, the Kyoto protocol, searching also for other sources of structural breaks. As recognised, (policy) events, including price shocks such as oil shocks and also carbon taxation (Pizer, 2002) may be needed to reshape the business as usual EKC, by smoothing the bell and/or decreasing the income TP (Turning Point) level.
We may assume that the reason why some countries (EU, and within EU the northern countries including UK) supported Kyoto from the beginning and are supporting stricter targets (the 20-20-20 EU opposed plan on energy and environmental efficiency) is that they took early actions decades ago in terms of economy restructuring and environmental policies. As early movers, they wanted to exploit the benefits related both to the 'Porter' competitive advantages linked to new green technology markets 5 (Porter and van der Linde, 1995) and to the intrinsic advantage of reasoning in terms of CO 2 reductions decided in 1997 at Kyoto, which define a compliance with respect to 1990 levels. What happened between 1992 and 1997, and before 1992, matter(ed).
5 It is well recognised that part of the opposition to the anti Kyoto US position made finally explicit at the convention in Johannesburg in 2002 came from environmental technologies sectors excluded from international 'green markets' (partly linked to the development of clean development mechanisms) by the US position.
Moreover, a lower carbon income elasticity and/or EKC evidence for a group (as Northern EU) could explain stronger support for Kyoto, deriving from better historical environmental performance and favourable structural conditions. The objective of intensifying green and economic competitive advantages spurred by innovation investments (Jaffe et al., 1995; Mazzanti e Zoboli, 2009) , that may be to some extent sunk, can be constant source of development. Such reasoning could explain why some countries keep behaving more environmentally than others though in presence of higher and rising abatement marginal costs 6 . How they reacted to some time related shocks integrating policy and innovation externalities dynamics (Gerlagh et al., 2009 ) may be a major part of the tale.
In a political agenda that is drastically changing as all we know in the climate change arena, our empirical evidence provides useful information for: (i) the current scenario, in which the US is slowly coming to recognise the need to tackle climate change, but favours flexible policy instruments, and the EU is leading Kyoto implementation (Kruger and Pizer, 2004; Convery, 2009 ).
The paper is structured as follows. Section 2 presents the data and samples; section 3 focuses on some specification issues and explains the econometric methodology. Section 4 comments on the main results of the analysis and Section 5 concludes with a summary of results and some policy implications.
Data and samples
We argued that compared to studies based on OECD country or world wide datasets, which are still the majority in the literature, often depending on the need of exploiting extensive amount of data, a focus on specific regions, and groups of homogenous countries, would instead provide a sounder basis for economic and policy reasoning. Some scholars suggest even higher robustness of time series approaches compared to wide panel polled datasets (Wagner, 2008) . Most recent works still focus on world wide datasets (Azomahou et al., 2006) , which are often based on OECD countries (e.g. Cole, 6 While we write, estimates seem to suggest that (advanced) countries, in order to reach a 20% cut by 2020 (the current EU proposal, with the EU increasing to a 30% cut if all countries should agree on a 20%), should 'collect' from national budgets 100$ billions over ten years, not very huge but still a shock if implemented to fund energy efficiency and renewable energy actions. Some funds would be collected by auctioning carbon quotas, a market existent in the EU since 2005 and possibly emerging in the US and elsewhere. The EU alone estimates to collect 38€ billions each year from auctions by 2020.
2005; Galeotti et al., 2006; Martinez-Zarzoso and Bencochea-Morancho, 2004 For our study, we use the subset of emissions data that matches the available time series on GDP per capita 9 on the basis of joint availability, series continuity, and country definitions. econometric model that may simultaneously tackle all relevant issues and from which deriving various specifications, we opt for addressing issues that are in our eyes are most compelling for our analysis, such as cross section correlation ( §3.1), individual heterogeneity ( §3.2) and non constrained functional form ( §3.3), thus we are aiming at reconstructing a puzzle by using some of its most relevant pieces for us.
Unobserved heterogeneity, common slopes and cross-section correlation
First, let us suppose that ( , ) 0 i t λ = (such restriction imply focusing on the global effect of GDP on CO 2 ) and that
where ( )
represents an indicator function corresponding to the cross sectional units i' and it is defined as ( )
measures the individual fixed effects capturing country-specific unobserved heterogeneity which is not time varying. Adopting the standard parametric approach, we begin by specifying the function ( ) ε is an iid random variable. In many cases, this assumption is clearly unrealistic. First, the independence assumption is often at odds with economic theory. For instance, according to many economic models, agents tend to interact within and between cross-sections. Second, spatial dependence could be also the consequence of unobserved heterogeneity dues principally to "omitted observed common factors, spatial spill over effects, unobserved common factors, or general residual interdependence" (Breitung and Pesaran, 2008) . Standard techniques that do not take account of this dependence would yield incorrect inference. Several tests of cross section independence 11 have been implemented and in all cases they strongly reject the null hypothesis that the errors are independent across countries. In order to correct for the presence of cross-sectional dependence, we employ the following two estimators. The Driscoll-Kraay (DK, 1998) non-parametric estimator, which corrects the variance-covariance matrix for the presence of spatial as well as serial correlation and can be viewed as a variant of the Newey and West (1987) time series covariance matrix estimator; and the GLS slopes constrained Seemingly Unrelated Regressions estimator (SUR, Zellner, 1962) . All these estimators allow individual intercepts but common slopes. Although the common slopes assumption can be restrictive, there are some features -as the simplicity, parsimony 10 The final model is obtained by dropping the non significant terms. 11 The Lagrange multiplier approach of Breusch and Pagan (1980) , the CD test of Pesaran (2004) and the Frees's (1995 Frees's ( , 2004 statistics.
and forecast performances-that render homogeneous estimators quite attractive (Baltagi et al., 2000 (Baltagi et al., , 2002 .
Heterogeneous slopes and adjustment dynamics
Along with the increasing time dimension of panel data sets, some authors suggested the use of heterogeneous estimators allowing for individual slopes (Pesaran and Smith, 1995; Hsiao et al. 1999) . This is mainly motivated by the possible heterogeneity bias associated with the use of pooled estimators.
As pointed out by Hsiao (2003) , if the true model is characterised by heterogeneous intercepts and slopes, estimating a model with individual intercepts but common slopes could produce the false inference that the estimated relation is curvilinear. Empirically, this situation is more likely when the range of the explanatory variables varies across cross-sections. This situation corresponds to our empirical framework where: (i) per capita GDP presents high variation across countries, (ii) the different groups of countries cannot be characterised by a common slope and, consequently, there is a high risk of estimating a false curvilinear relation. A more flexible specification is:
Next, we also apply the hierarchical Bayes approach proposed by Hsiao et al. (1999) , which might be preferable to other estimators (Hsiao et al., 1999; Baltagi et al., 2004) . This estimator makes use of Markov Chain Monte Carlo methods via Gibbs sampling.
Another issue worth to analysing is that of adjustment dynamics. Dynamics effects are crucial in studying EKC with the aim of providing insights on the structural long term differences that may explain the current situation diverse group's face in terms of emission efficiency and future possibilities of abatement. This the reason why we decided to use as many years as possible, at the cost of losing the chance to use additional covariates that are not available over such a long term period. In dynamic models, the parameters of interests are the long run effects and the speed of adjustment to the long run equilibrium. Let consider a heterogeneous dynamic model of the form:
Within the literature focusing on estimation of dynamic panel models, where the number of time series observations is relatively large, one approach consists at estimating separate Auto-Regressive Distributed Lags (ARDL) equations for each group and examine the mean of the estimated coefficients, the so-called Mean Group (MG) estimator, that it has proved to be consistent (Pesaran and Smith, 1995) . The MG estimator, however, does not take into account the fact that certain parameters may be the same across groups. Pesaran et al. (1999) therefore proposed an intermediate estimator, the Pooled Mean Group (PMG) estimator which allows the intercepts, short run coefficients and error variance to differ across groups, while the long-run coefficients are constrained to be the same.
Non constrained functional form and common time effect
The main limitation of the above mentioned approaches is that they impose a polynomial function like (4). In order to remove the polynomial function assumption, the function
can be estimated adopting a semi parametric approach 12 . In particular, the Generalized Additive Models (Hastie and Tibshirani, 1990; Wood, 2006) can be usefully applied. Next, we allow the time effect ( , ) i t λ to enter the relation. Standard parametric formulations introduce temporal fixed effects as:
represents an indicator function corresponding to the time period t' and defined as ( )
Otherwise, a common trend can be introduced: This shows links to our research idea but, while they categorise countries according to their energy use, our aggregation is based on the expressed environmental policy orientation towards the amount of abatement needed for tackling climate change and the means (national abatement versus abatement in other countries). This orientation is somewhat linked to 'development' stages (northern EU versus southern EU). Nevertheless, we aim at studying the relationship between different policy perspectives and the structural long term dynamics, then including an analysis on how time effects and exogenous (policy) events may have affected (differently) those selected groups of countries. Consequently for each group of countries ('Umbrella group', 'EU North' and 'EU South') the following semi parametric model is estimated:
where s and f are smooth functions of x and t, respectively. Thin Plate Regression Spines (TPRS) have been used as a basis to represent the smooth terms, since they have some appealing statistical properties (Wood, 2006) and the smoothing parameters have been chosen using the Generalised Cross Validation (GCV) criteria 13 .
Finally, a more general and -at the same time -identifiable specification is provided by assuming that the time 'group effect' (e.g. North EU) and income effects on carbon emissions are not separable:
It is worth noting that equation (9) is still interpretable using a 3 dimensions surface plot and that model (8) will be tested against model (9) using an approximate F test (Wood, 2006) .
Empirical evidence
We present evidence first ( §4.1) by comparing the long run EKC dynamics of the three groups of countries, in order to highlight differences in shapes and eventual TP across different panel data models. Unobserved heterogeneity, and cross-section correlation is addressed by correcting non parametrically the covariance matrix in a fixed individual effects framework (DK) and by (slope constrained) SUR models; then, heterogeneous slopes and adjustment dynamics are investigated by Hierarchical Bayes, PMG and MG models. Results from other ancillary specifications are available upon request 14 . Then, non constrained functional forms and common time effects, such as GAM with 13 Since the GCV is known to have some tendency to over fitting, it has been suggested to increase the amount of smooth by correcting the GCV score by a factor 1.4 γ ≈ which can correct the over fitting without compromising model fit (Kim and Gu, 2004 ). 14 Results obtained using alternative homogeneous panel data estimators not allowing for cross-section correlation such as the Least Square Dummy (LSD) estimator (FEM) allowing for individual fixed effects and the Dynamic ordinary least squares (DOLS) estimator for the cointegrated panel data regressions (Kao and Chiang, 2000; Saikkonen, 1991) are individual fixed effects and GAM with individual fixed effects and common time effect (that directly links to Vollebergh et al., 2009 ) are introduced. Secondly ( §4.2), in order to add an explicit policy flavour and give content to 'time effects', we test through structural break analysis whether exogenous policy events such as the 1992 Climate convention, that gave birth to Kyoto, and the 1997 Kyoto convention itself have affected the dynamics. We also test the presence of other structural breaks affecting the emission-income relationship. We believe that the 1992 turning point may be even more relevant since it is a threshold that distinguishes from countries that began policy actions even in the period preceding effective Kyoto convention (and the country ratification) and countries that waited Kyoto or beyond to take action.
EKC structural dynamics: slope heterogeneity, flexible relations, time related effects
Figures 1-3 depict the relationship between CO 2 and income for the three samples. We provide real data, and the curve fitted by robust locally weighted scatter plot smoothing (lowness). The relationship is clearly monotonic for the Umbrella group and for EU-South but shows an inverted U shape for EUNorth countries. It should be noted that, while in some countries this inverted U-shaped pattern is symmetric, in others there is a non-symmetric pattern.
available upon request. As far as heterogeneous estimators Upon requests are available results for both the Swamy (1970) random coefficient GLS estimator, which is a weighted average of the individual least squares estimates where the weights are inversely proportional to their variance-covariance matrices and the shrinkage estimators described in Maddala et al. (1997) , that is, the Empirical Bayes and the Iterative Empirical Bayes estimators. The parameter estimates are weighted averages (depending on the parameter variance-covariance matrices) of the pooled estimate and the individual time series estimates. Thus, the individual estimates are 'shrunk' toward the pooled estimate. Results are very similar, showing an unexpected robustness across (similar) models. show some signal of delinking related to income, not time. This could be linked to energy intensity of GDP increasing in some countries. Italy, though not complying with its Kyoto targets, is a country that given idiosyncrasies in the energy market (historically high energy prices and high monopoly powers) may lead this group of countries Austria that possess nuclear as well, is another case. In depth insights on higher country specificity are nevertheless cope for further research. 18 We present graphical outcomes. Estimates are available upon request. For the non parametric GDP factor the estimated degrees of freedom are included in graphs, the significance level of the smooth functions is always very high. 19 Approximate F test strongly rejects the linearity assumption. 20 A similar outcome derives from a parametric model with individual and common linear trend (results available), wherein northern EU show san EKC shape with TP outside range while an ECK with TP within range is presented by the other two groups. Nevertheless, the time covariate coefficient is negative and significant for northern EU and positive for the other two. It confirms the relevance of the time factor in explaining the shape of EKC. as agreed its carbon emissions. This shows that carbon issues as they bring together national and global issues in a mixed public good are quite peculiar (Cornes and Sandler, 1984; Loeschel and Rubbelke, 2009 ), as Austria is often found to be homogenous to Germany with regard environmental policy commitment (waste).
UMBRELLA GROUP EU NORTH EU SOUTH
As far as the climate change leaders (EU NORTH), we note that in the first phase the shape is non linear (N-like), turning to a U shape in the second part, then concluding with a (globally negative) non linear shape, that nevertheless may hide some heterogeneity. Egli and Steger (2007) provide an interesting policy based motivation for N (or M as they define) shapes: if the economy develops along the increasing path, a policy breaking stimulus may reduce the level of emissions, but after that pollution again follows a (lower) increasing path before reaching a TP. This dynamics could represent a possible policy oriented explanation of the non linearity we here markedly observe, the other being usual country heterogeneity when we pool even quite homogeneous countries such as in this work.
Though all countries witnessed years of emission reduction and most are within or very close to Kyoto targets, this non linearity is explicable. Among countries associated with very high GDP, Sweden and Denmark, the latter has recently counter intuitively shown difficulties in carbon reduction, and will not comply with Kyoto. Despite the relevance of renewables such as wind energy, some EU countries, Denmark may be an example, as well as Italy, still rely quite heavily on coal fuelled energy. A negative response for the environment to oil shocks can be, and it was often, a strengthening of the use of coal, 
Evaluating 'events' in the CKC dynamics: a time series approach
This section aims at assessing the impact of a (postulated) event on the carbon-income relationship. The 'intervention analysis' developed by Box and Tiao (1975) is the (time series) methodology of reference.
Closely related to this work are papers focusing on the assessment of environmental policies on pollution (Sharma and Khare 1999; Lee and List, 2004) 22 . The intervention analysis decomposes a time series as a sum of a stochastic process -as an ARIMA -plus the intervention components -as public policies -which could modify the normal evolution of the time series.
More particularly, this section is intended to set links to the previous analysis, by providing some specific insights. In fact, the decision of separating out income and time effects still leaves unexplored the content of this time effect, as also Vollebergh et al. (2009) note in their conclusions.
In order to accomplish this task, we set time series for each group of countries (as the countries' average). The cost of adopting such framework is the loss of individual heterogeneity within each group of countries. Second, the standard intervention analysis is slightly modified and adapted to the context of a CKC. This is done by replacing the ARIMA specification for the stochastic part of the model -as usual in intervention analysis -with a polynomial function of per capita income which accounts for the CKC dynamics. This can be written as:
where y t denotes per capita CO 2 emission, ( )
θ ε corresponds to the CKC relation previously estimated, where x t is per capita GDP. Finally, ( ) , , , g t δ ω ψ allows for some deterministic effects of time t, the effects of some exogenous variables, ψ , measured through the vectors of parameters and . δ ω 22 Other relevant contributions include Fomby and Hayes (1990) who examine the impact of redistributive policies in the US; Lloyd et al. (1998 ), Murry et al. (1993 and Thompson and Noordewier (1992) who evaluate respectively anti-cartel policies, anti-drinking campaigns and incentive programs on automobile sales.
As far as specific events that we consider, the interventions capturing the occurrence of the 1992 UN Framework Convention 23 (and the consequential 1997 Kyoto protocol) has been introduced. They can be supposed to have a 'gradual start, permanent duration' effect on the relation. This can be modelled combining a step function with an exponential (or first order) transfer function allowing for a (eventually) non linear effect of the intervention:
where B is the backward shift operator such that B i y t = y t-i .The magnitude of the impact that occurred after the event is given by ω , and δ is the rate of decay of the variation. When 1 < δ the series will reach a new steady state and the steady state gain is / (1 ) − ω δ , while when 1 = δ , a step change in the input produces a ramp function in the output. Finally, 1 > δ will produce an exponential pattern decay.
Depending on the value of δ , the intervention will produce a permanent or transitory effect.
Alternatively, a linear and permanent effect can be modelled directly using a 'ramp' function:
where λ measures the magnitude of the change in the trend of the series 24 .
The parameters' estimates for three main groups (Umbrella, EU NORTH; EU_SOUTH) are in table 4 and real and fitted values are plotted in fig. 9-11 . Overall, the model based on the ramp function is preferred.
As far as EU north countries are concerned, relevant results appear, that are fully compatible and complementary with those obtained in §4.1. In fact only the per capita income is significant and positive, while its square is not. Concerning the interventions, a negative and highly significant coefficient λ emerges in association to the trend change occurred after 1992 (or alternatively, 1997).
This evidence may provide contents to the negative time effects we highlighted above.
The Umbrella It is worth noting that, following the application of an 'automatic outliers selection procedure' (as in Charles and Darné, 2006) other structural breaks have been detected. First, a permanent-gradual shift in the early eighty's (1980) has occurred for the EU North group. This is modelled combining a step function with an exponential transfer function similar to eq. (11) and the change occurred after 1980 is measured by the parameters 80 ω and 80 δ , indicating respectively the magnitude of the impact and its decay pattern.
Estimations indicate a negative nonlinear and highly significant break's path. The statistical 1980 break can refer to and be economically explained by the second oil shock (namely 1979) , with all the consequential effects on the post-recession (1981-82) restructuration phase of advanced economies, beginning around early 80's 27 , which is characterised by efforts towards higher energy efficiency and increasing environmental innovations (Jaffe et al., 1995) . Finally, for the Umbrella Group, a transitoryabrupt change is detected in the mid eighty 's (1983-87) and it is modelled as in the steady state, is not in contrast but complementary to our analysis which has a different focus. We provide evidence that along the dynamics even quiet similar advanced countries may diverge, that shock events could matter, and that heterogeneity between and within groups is peculiar and worth being analysed. Within group heterogeneity is scope for further research.
Along a temporal dimension, the climate change political emphasis emerging in the 90's -in presence of another recession in 1992-93 -could partly descend from the oil shocks, in addition to increasing environmental awareness coherent with EKC framework. 27 We note that this 'outlier' analysis reveals a significant break only for EU north. This is coherent with our comments. 28 Though even the second break we find, around early 90's, may also be due to the Iraq war frictions in oil markets (someone could argue that wars mattered more than policies for CO 2 abatement!), we believe that the Rio convention was an event that changed the market and policy behavior of northern EU countries more than others. Oil prices did not rise in the early 90's much as a consequence of the war then. The current economic crisis may change the political agenda towards green investments, though we note that contrary to the exogenous break we highlighted, is characterised by medium level oil prices.
Though in the short term both deflationary (negative demand based shocks) and inflationary (cost based shocks) 'benefit' the environment in the short term by as scale reduction of the economy, one may wonder whether in the long run cost shocks are more effective in rising environmental efficiency than, for example, current (green) recovery packages acting as a fiscal stimulus shock to the depressed economy. 
Conclusions
This study has provided new CKC evidence embedding the analysis in a time related and policy perspective. We focus attention on three groups of countries in the 'political economy arena' related to Kyoto (and post Kyoto) frameworks: the Umbrella group, the EU north group, which is the most proactive in climate change issues, and the EU south group of countries, which have lower incomes per capita and generally lower level commitment to climate change. Our results are relevant from both an economic, policy and methodological point of views.
The first part of the analysis focuses on the global effect of income. We find that the Umbrella and EU south groups, which were and still are less in favor of stringent climate policies, have not experienced a TP in the 'carbon Kuznets curve' yet, as expected. At least, there is evidence of relative delinking in the carbon-income relationship, with elasticities estimated around 0.45-0.50. The EU north countries instead show robust EKC shapes. We thus bring up an interesting connection between the EKC and political economy considerations for global climate agreements. Namely, we point out the possibility that that Northern EU nations expressed higher likelihood to ratify the Kyoto Protocol and tougher climate change efforts given their historical 'dip' in emissions rates.
Next, we consider how time related factors entered in the CKC relation. Firstly, by addressing income and time effects in the semi parametric panel data models, we find that the absolute delinking associated to EU northern countries is prevalently driven by time related factors rather than pure income dynamics. Time series intervention model methodology has been then adapted to the analysis of CKC in order to sheds some lights on the exact nature of time related factors. Exogenous path breaking 'policy events' appear to matter. The income-emission relationship is in fact affected by such events, at least for Northern EU countries. The period from Rio 1992 to Kyoto 1997, characterised by high growth and low oil prices, was a preliminary arena where some countries take early actions in environmental/energy policy aimed at increasing the GDP efficiency. Scandinavian countries implemented green fiscal reforms aimed at achieving economic-environmental 'double dividends', Netherlands and Germany introduced some elements of ecological taxation in the system; UK concluded the restructure of the economy towards services away from manufacturing. All such interventions added up to the post second oil shock energy efficiency restructuring already in place since the 80's.
We indeed find some signs that the absolute delinking associated to EU northern countries may also largely depend on exogenous shocks occurred well before the environmental conventions of early 90's, showing some path dependency in CKC. The tale may be that this group of countries took advantage of the oil shock to restructure the economy and consequentially took early actions for setting a 'green' technological competitive advantage. These pre Kyoto facts largely explain their strong commitment towards climate change, as they were better positioned and already on the track in 1997 compared to 1990 targets. Given the sunk costs of investments, economies of scale and complementarity between green and standard innovation investments, such countries could lead the post Kyoto phase as well, after being mostly compliant with 1997 Kyoto targets. The reason for their higher commitment to Kyoto principles lie in the (social and policy) choice to acknowledge the opportunities presented by climate change 'markets' (green products, environmental innovation) as a basis for new competitive advantage, based on the production of an (impure) public good such as carbon abatement, combined with economic gains for the economy. As far as the comparison between EU North and EU south countries is concerned, some conceptual motivations that are behind the EKC dynamics may explain why northern countries took an early action: they were in the time after the second oil shock well higher with regard income per capita, and thus more developed and moving towards a larger share for services in their economies, with a reduced role for industry. This story is made of different idiosyncratic pieces of the puzzle: if the UK started a decarbonisation first with a rapid shift from industry to services, then taking a leadership in climate change policies, Germany and Scandinavian countries brought together policy actions with investments in green technological options. Such relative success is not irreversible. As an example, the current 'leader' in climate change political debate and main responsible of the northern EU TP in the CKC, the UK, is experiencing a minor 0.5% cuts per year after having exploited the above mentioned benefits of the economy reshuffling towards services and 'dash for gas' options. The partial failure, in terms of expected carbon cuts, of the UK climate change levy (associated to the CCA related 'agreements') may call for new stricter policies (Martin et al., 2009) . France is thinking about a carbon tax on top of the noteworthy EU ETS scheme.
Thus, the EU 'advantage' is not to be taken for granted and the arena is open to new changes in future scenarios.
Nevertheless, for a comprehensive policy discussion, it is worth noting that considerations of global economic efficiency should also put the weight of future abatement on advanced countries that have not reached a TP in the income-environment relationship and are not compliant. On average, these lagging countries have more scope for incremental efforts towards abatement of carbon emissions (among others figures, the current consumption of oil is around 26 barrels per capita in the US and 12 in the average EU, thus even lower in some northern EU countries; on a total energy perspectives respective figures are 60 vs 30 barrels per capita), and then presumably lower marginal costs under usual assumptions on abatement cost functions and technological conditions. Climate change negotiation and policy initiatives in future years will demonstrate whether countries currently lagging in terms of delinking and commitment to climate change policy, will be able to combine carbon abatement and the achievement of environmental (innovation and policy) competitive advantages to become the basis for a race to the top of the ranking, not, as opposite possible scenario, a divergence in emission/income trends.
The evidence we provide may be an example of the fallacy of the simplistic EKC argument: even at the same income, different innovation and policy dynamics can lead to quite different emission performances. Economic growth is not the solution to the climate change issue; the factors that may be spurred by income growth, including stricter policies, co evolve together with the restructuring of the economy. Different stories are possible behind comparable trends, given that economic growth simultaneously affects ecological, economic, technological and political contexts. Thus, the way income influences environmental quality cannot be expected to be a space-free and timeless relationship.
Thus, in the end, Northern EU spoke stronger to carbon abatement starting from the early 80's. This is in part a known fact but we provided some insights regarding where the dynamics was broken. It is true that the second oil shock made a great deal, and that nuclear power investments also probably affected the dynamics (France as a major example in the group) at the time, as well as the structural decarbonisation of the UK that began under Thatcher governments. Nevertheless, some EU countries responded differently to southern EU countries and moreover to other G-8 economies. Differently in terms of 'commitment' towards environmental policy and environmental competitive advantages through energy and green technologies. Dechezlepretre et al. (2009) show that the rise in innovation trends (patents) starts in the really 90's and then strongly after 1998, and less for US and Australia than for others annex I counties. Renewable energy technologies also show two peaks: early 80's and early in this century (2003 last data), with a U shape that starts rising again around 1993. Specific and quite radical carbon capture and storage technology show quite a different picture, with a decrease in the early 90's but a rise after 1998. Those are on average all signals that the breaks we find have reasonable policy and technological pillars.
Shocks may -symmetrically -impact, but responds of single countries and groups may differ. Thus time matters for determining CKC, though energy efficiency choices, technology and (early moving strategy) in national and supra national policy actions. How the current crisis -not a cost/supply oneeventually influence the CKC is an open question for the future.
